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(54) Cell analysis apparatus having 
paraboloidal reflective chamber 

(67) A cell analysis apparatus has a 
paraboloidal cavity having an axis of 
rotation, a focus and light reflecting 
walls 14, means 22 for passing cells to 
be analysed through the focus, means 
for directing a beam of parallel light 
rays through the focus and means for 
collecting light reflected or fluoresced 
by the cells passing through the beam 
at the focus. 




SPECIFICATION 
Parabolic cell analyzer 

The invention relates to cellular flow systems and 
5 more particularly to a cellular flow system utilizing 
paraboloidal reflective chambers. 

Flow microfluoro meters which are valuable in 
many areas of biological research typically use a 
laser as an excitation source and collect about 2.5% 

10 of the total cell fluorescene using standard optics. 
There is an existing need for advanced instrumenta- 
tion so that more demanding biological studies can 
be undertaken. Among these are the detection of life 
from biolouminescent reactions, quantitative human 

15 karyotyping, and determing the DNA content of 
peripheral lymphocytes for genetic analysis. Such 
advanced instruments will provide increased resolu- 
tion, increased light collecting efficiency, and in- 
creased system versatility and applicability utilizing 

20 broad band emitting, i.e., 250-1000 nanometer (nm) 
light sources. 

One advanced instrument is that described in U.S. 
Patent 3,946,239 to Salzman et at. This patent is 
directed to a cell flow system utilizing an ellipsoidal 

25 flow chamber having light reflective walls and 
providing greatly increased signal-to-noise ratios 
over those obtained by prior art systems. The 
eliipsoidal ceil flow system provides enhanced re- 
solution particularly valuable for viewing weakly 

30 fluorescent particles such as bacteria and asymmet- 
ric particles such* as chromosomes and mammalian 
cells. 

In accordance with the present invention there is 
provided a cell analysis apparatus comprising a 

35 housing containing a paraboloidal cavity having an 
axis of rotation, a focus and light reflecting walls. 
Cells and a beam of essentially parallel light rays 
pass through the focus so as to meet perpendicularly 
thereat Light scattered or fluoresced by the cells 

40 passing through the beam is collected after it reflects 
from the walls of the cavity. Intensity distribution of 
the light is utilized to determine preselected charac- 
teristics of the cells. Reflected fluoresced or original 
scattered light can be collected to provide a total 

45 scatter signal. In the case of reflected light, a scatter 
spectrum, and in the case of fluorescent light, a 
spectrum of fluroescence, can be obtained. 

One object of the present invention is to minimize 
fluid flow path and increase flow stability while 

50 inreasing overall collection efficiency in a cell flow 
system. 

Another object of the present invention is to 
provide high resolution cell sizing. 
Yet another object of the instant invention is to 
55 provide asymmetric cefl orientation information. 
An advantage of the instant invention is that 
collection efficiency is on the order of about 80%. 
Another advantage of the instant invention is that 
total scatter signal can be collected. 
60 Other objects and advantages of the instant inven- 
tion will be apparent to those skilled in the art from 
th following description with reference to the 
appended drawings wherein like numbers denote 
like parts and wherein: 
55 Figure 1 illustrates a system in accordance with 



the present inventi n; 

Figure 2 shows a cross sectional view of the cavity 
containing housing; and 
Figure 3 depicts another cross sectional view of 
70 the cavity containing housing. 

Reference is now made to Figure 1 which shows a 
housing 12 containing a paraboloidal cavity having a 
continuous wall or walls 14. In the preferred embodi- 
ment the paraboloid of revolution may have, for 
75 example, a 2.0 millimeter (mm) focal length, a depth 
of 40 mm, and an aperture of 35.77 mm. The walls 14 
are coated with a thin evaporated layer of gold to 
provide reflectance within the desired spectrum, i.e., 
between about 250 and 1000 mm. Apertures in the 
80 surface have been made as small as possible to 
preserve maximum collection efficiency. As better 
seen in Figure 3, a sample tube 16 and a sheath tube 
18 provide pathways for the sample containing fluid 
and the sheath fluid to be introduced into the cavity 
85 and to pass through (he focus 20 of the paraboloid of 
revolution. The fluids enter through a nozzle 22 and 
after passing through the focus, are received by a 
collecting tube 24. It is important to note that nozzle 
22 projects into the chamber to provide a minimal 
90 transit distance for the sample and sheath fluids 
prior to their passage through the focus 20. The 
. chamber is fluid filled, usually with distilled water. A 
laser beam 25 is directed through the focus 20, 
entering through a beam injector 26 and exiting 
95 through a beam receiving member 28. In the prefer- 
red embodiment an argon ion laser is utilized. 

In the preferred embodiment having the dimen- 
sions previously desired, Inlet nozzle 22 extends 3 
mm into the paraboloid thereby injecting the sample 
100 and sheath fluid 1 mm above focal point20. Nozzle 
22 is coupled to a pressure system of a type well 
known to those versed in the art, which provides 
independent control of the sample and sheath fluids, 
resulting in very fine sample stream control. In 
105 practice, a laminar sample stream as narrow as 6.0 
micrometers (fim) in diameter can be maintained for 
over an hour. 

The light emitted from the paraboloid is primarily 
a collimated beam of fluorescence and scattered 
110 light about 35 mm in diameter which passes through 
a quartz window 30 sealed to the chamber by means 
of an O-ring 32 and clamping member 34. The 
chamber is filled with fluid through nozzle 22 while 
vacuum is applied to a bubble vent 38. 
115 A removable beam splitter 40 can be provided for 
viewing the interior of the chamber. A plano-convex 
lens 42 is utilized to focus the light output onto a 500 
Jim aperture in an opaque screen 44. Light passing 
through the aperture in screen 44 is collimated by a 
120 biconvex lens 46 also focused on the aperture in 
screen 44,'This combination of lenses and the 
aperture provides a spatial filter for filtering out 
fluorescence and scattered light which is not initially 
collimated. Light which is not initially collimated is 
1 25 that light which has not been reflected by the surface 
of the paraboloid. The spatial filter produces a 
collimated beam which is about 16 mm in diameter 
in the preferred embodiment. A fluorescent beam of 
this size, once transmitted through a 488 nm interfer- 
130 ence filter, will illuminate about 90% of the face of an 
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RCA 4526 photomuitiplier tube. 

Light passing through the spatial filter is directed 
onto a dichroic beam splitter 50. Light which is at a 
90° scatter would lie in beam path 52 and that which 
5 is at a -90° scatter, in beam path 54. Thus, the 
scattered light is distributed across a photodetector 
ring 56 which, in the preferred embodiment, has 60 
detectors located about every 5.6° around the cir- 
cumference of the ring. Light which passes through 
10 dichroic beam splitter 50 is directed onto a low 
resolution diffraction grating 60, such as one having 
about 300 lines/mm. Diffraction grating 60 diffracts 
light into several diffraction orders as is well known. 
A lens 62 directs the first order of diffraction of 
15 fluoresced light onto the ends of fiber optic light 
guides 64, so that a sample of the fluorescent 
spectrum can be collected by, for example, photo- 
multiplier tubes 66, Therefore, a sample of the 
fluorescent spectrum at a number of wavelength 
20 intervals can be collected as well as a sample of the 
scattered light at a variety of angles from stained 
cells on a cell-by-cell basis. A plurality of fluoresc- 
ence spectra provides a variety of information 
including, but not limited to, enhanced signal to 
25 noise ratios in spectral regions of interest, since 
undesired wavelengths are excluded, and increased 
spectral resolution compared to two color fluoresc- 
ence, providing for greater in-depth studies of 
particles stained with one or more photochromes. 
30 The high efficiency of the system of the invention 
provides for the analysis of weakly fluorescent 
particles which could not be detected above noise 
levels in typical prior art cell analysis systems 
because the paraboloidal cavity improves resolution 
35 in cases where particle fluorescence is not bright and 
reduces artifacts seen by systems with small angle 
illumination and collection optics. The high efficien- 
cy of the paraboloid structure also permits the use of. 
a less powerful laser than required in a typical prior 
40 systems. 

The paraboloidal surface may be utilized for 
illumination as well as collection. The advantage of 
this is uniform excitation of particles at the focal 
point. Since no biological article is perfectly symmet- 
45 ric, artifacts can be introduced with the fluorescent 
signals when only focused beam illumination is 
utilized. 

The various features and advantages of the inven- 
tion are thought to be clear from the foregoing 

50 description. However, various other features and 
advantages not specifically enumerated will un- 
doubtedly occur to those versed in the art, as 
likewise will many variations and modifications of 
the preferred embodiment illustrated, all of which 

55 may be achieved without departing from the spirit 
and scope of the invention as defined by the 
following claims. 



means for directing a beam of essentially parallel 
light rays through said focus so as to impinge upon 
any cells passing therethrough; and 
means for selectively collecting light reflected by 
70 cells passing through said beam at said focus to 
determine therefrom preselected characteristics of 
said cells. 

2. The invention of claim 1 wherein substantially 
all said reflected light is collected to provide a total 

75 scatter signal. 

3. The invention of claim 1 wherein said selective 
light collecting means comprises means for collect- 
ing only light reflected from said cavity walls which 
exits said cavity parallel to its axis of rotation. 

80 4. The invention of claim 3 wherein said collect- 
ing means comprises a spatial filter. 

5. The invention of claim 3 wherein said collect- 
ing means comprises a photodetector ring array. 

6. The invention of claim 5 wherein said array 
85 comprises about sixty detectors dispersed about 

every 5.6 degrees. 

7. A cell analysis apparatus comprising: 

a housing containing a paraboloidal cavity having 
an axis of rotation, a focus, and light reflecing walls; 
90 means for passing ceils to be analyzed substantial- 
ly through said focus of said paraboloidal cavity; 

means for directing a beam of essentially parallel 
light of a selected wavelength through said focus to 
impinge upon any cell passing therethrough and to 
95 cause said cell to fluoresce; and 

means for selectively collecting light fluoresced by 
said cells passing through said beam at said focus to 
determine therefrom certain cellular characteristics. 

8. The invention of claim 7 wherein said collect- 
100 ing means comprises a spatial filter for passing only 

fluroesced light travelling parallel to said axis of 
rotation, a diffraction grating for receiving said 
parallel fluoresced light and for diffracting said light 
in at least a first order diffraction spectrum, means 
105 for focusing said first order diffraction spectrum 
onto a focal plane, and means for quantitatively 
detecting the diffraction spectrum incident on said 
focal plane. 

9. The invention of claim 8 wherein said quanti- 
110 tative detecting means comprises a plurality of 

photomuitiplier tubes. 

10. A chamber structure for use in a cell analysis 
system comprising: 

a housing containing a paraboloidal cavity having 
115 a focus and an axis of rotation; 

means for passing a laser beam through said 
focus and essentially perpendicular to said axis of 

rotation; and 
means comprising a nozzle protruding into said 

120 chamber structure essentially perpendicular to said 

axis of rotation and said laser beam for passing a 

stream of cells to be analyzed through said beam 

essentially at said focus. 



CLAIMS 



60 



1. Acell analysis apparatus comprising: 
ah using containing a parabol idal cavity having 
an axis of rotation, a focus, and light reflecting walls; 
means for passing ceils to be analyzed through 
65 said focus of said parab loidal cavity; 
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ABSTRACT : PURPOSE: To easily obtain the information on various analysis with high sensitivity by 
providing a condensing optical system, collimating lens, transmission type diffraction 
grating, condenser lens, and one-dimensional detector or two-dimensional detector. 

CONSTITUTION: A stimulating light source 2 casts stimulating light to a sample 
component in a flow cell 1 for detection, such as liquid chromatogaphy, and a chopper 3 
open and closes the irradiation light. The fluorescence or phosphorescence L 1 emitted 
from the sample by the irradiation of the stimulating light is condensed by the condensing 
optical system 4 to a spot light source or linear light source L 2 . This light is spectrally 
analyzed. The collimating lens 5 of a small numerical aperture having a focus at the 
position of the spot light source or linear light source L 2 , the transmission type diffraction 
grating 6 which spectrally splits the light transmitted through the lens 5, the condenser 
lens 7 which condenses the light transmitted through the grating 6, and the 
one-dimensional detector or two-dimensional detector 8 installed in the focal position of 
the lens 7 are provided as the optical system for making the spectral analysis. A computer 
9 is connected to the output side of the detector 8. 
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Titel: MICRO-PLATE FOR MICRO-TITER 



Zusammenfassung 

PURPOSE: To decide correctly the coagulation of particles which occurs at the ^bottom 
parVof a well, and to execute practically the correct automatic decision .with an 
eoSpment 1; forming optically and independently respective wells of the micro-plate, 
and preventing the receiving of the influence from other well. 

CONSTITUTION: At a micro-plate 1, many wells 3 in which dilution liquid 2 is filled, 
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the. dilution liquid 2 of the wells 3 from the upper direction, is reflected at the inside 
surface or outside surface of the wells 3, transmits the dilution liquid 2 again without 
transmitting to the external part of the wells 3 and comes out to the upper direction 
Consequently, respective wells do not let the light make incident on other wells, as if the 
hght makes incident due to other wells or other causes, they are shut down at the 
external side surface or the internal side surface and the brightness inside the well is 
not influenced. 
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